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Reduction in membranous expression of β-catenin and
increased cytoplasmic E-cadherin expression predict
poor survival in gastric cancer

S Ramesh 1, J Nash 2 and PG McCulloch 1

Departments of 1Surgery and 2Pathology, University of Liverpool, 5th Floor, UCD, Daulby Street, Liverpool L69 3GA, UK

Summary β-catenin, a component of the E-cadherin–catenin cell adhesion complex, also plays a separate intracellular signalling role,
interacting with APC protein. Intracellular accumulation of β-catenin is common in colorectal neoplasia. β-catenin abnormalities are
associated with poor survival in gastric cancer, but previous studies do not differentiate between membrane-associated and intracellular
β-catenin. In this study we aimed to determine which type of expression abnormalities for E-cadherin, β-catenin and α-catenin correlate with
clinico-pathological features and survival in gastric cancer. Immunoperoxidase staining of paraffin-embedded sections from 40 gastric
cancers was performed for E-cadherin, α- and β-catenins using microwave unmasking and an avidin–biotin technique. Clinical data were
obtained from case records and cancer registry records. Reduced membranous expression of β-catenin occurred in 10/12 (83%) diffuse and
8/28 (29%) intestinal tumours (P = 0.0014), and was associated with poor differentiation (P = 0.0015) and short survival (P = 0.032), but not
with age, sex, tumour size or nodal status. Nuclear expression of β-catenin was uncommon; cytoplasmic expression was observed in 13/40
cases (33%) but did not correlate with histology, tumour grade or survival. Reduced E-cadherin membrane expression was associated with
lymph node metastasis (P = 0.02). Neither E-cadherin or α-catenin expression correlated with survival. Reduced membranous expression of
β-catenin predicts poor prognosis in gastric cancer, whilst ectopic intracellular expression is relatively rare. The apparent differences in
β-catenin expression from those found in colon cancer merit further study. © 1999 Cancer Research Campaign
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Despite a steady decline in incidence, gastric carcinoma rem
the second most common lethal malignancy worldwide (Wh
et al, 1993), and causes 10 000 deaths per year in Englan
Wales (Cancer Research Council Factsheet 18). Infection 
Helicobacter pylori has been strongly implicated in its path
genesis (Eurogast Study Group, 1993), as have dietary fa
(Buiatti et al, 1989), but the molecular mechanisms underlyin
development remain relatively poorly understood. Numer
abnormalities of expression have been reported in molec
modulating growth and cell division such as tyrosine kin
growth factor receptors (Tahara et al, 1986), p53 and other a
tosis-related genes (Hollstein et al, 1991) and more recently g
controlling intercellular adhesion, such as E-cadherin and re
molecules. Numerous reports now indicate a role for disruptio
the cadherin–catenin complex in a variety of human can
(Bringuier et al, 1993; Oka et al, 1993; Pignatelli et al, 19
Krishnadath et al, 1997). Experimental studies suggest an im
tant permissive role for loss of cadherin complex function in in
sion and metastasis (Takeichi, 1993; Birchmeier et al, 1994). L
have been revealed between the E-cadherin–catenin comple
intracellular signalling pathways involving the tumour suppres
gene APC (Rubinfeld et al, 1993; Munemitsu et al, 1995) 
the oncogene wnt-1 (Papkoff et al, 1996; Korinek et al, 19
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More recent work has confirmed that tyrosine phosphorylatio
β-catenin may participate in regulation of the cadherin–cat
complex in vivo (Takayama et al, 1998). Abnormal expressio
each of the main components of the complex (E-cadherinα-,
β-catenin and plakoglobin) have been demonstrated in g
cancer, and are commoner in the diffuse, poorly differenti
than in the intestinal, more well-differentiated histological t
(Jawahari et al, 1997). Reduced expression of β-catenin has bee
shown to be an independent predictor of poor prognosis in g
cancer (Jawahari et al, 1997), but the nature of the expre
abnormalities, and their specific associations with survival h
not been adequately evaluated. In colorectal cancer, incr
cytoplasmic and nuclear staining is an independent predict
poor survival (Hugh et al, 1999), whereas loss of expression 
cell membrane is not. In the mouse model of familial adenoma
polyposis, cytoplasmic accumulation of β-catenin occurs in th
premalignant stage of the adenoma:carcinoma sequence en
genes associated with neoplastic growth to be overexpr
(Clark et al, 1999). Cytoplasmic and nuclear accumulation oβ-
catenin are known to result from loss-of-function mutations o
APC gene (Munemitsu et al, 1995), which are common in spo
colorectal cancer, but less frequent in gastric cancer (Nakats
al, 1992; Powell et al, 1992). It therefore seems that abnorma
of β-catenin expression in gastric cancer may arise by diffe
mechanisms. Detailed study of the expression of β-catenin and
other members of the cadherin/catenin complex, and their as
tion with outcome, may therefore yield useful insights into 
mechanisms of development and progression of both gastri
colorectal cancer.
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Table 1 Clinico-pathological data collected

Age
Sex
T stage
N stage
M stage
UICC stage
Histological grade
Lauren class
Disease free survival
Overall survival
MATERIALS AND METHODS

Tumour specimens

Formalin-fixed, paraffin-embedded gastric carcinoma tis
samples were obtained from 48 consecutive patients underg
partial or total gastrectomy for gastric carcinoma between 1
and 1995 from the archival tissue of the Pathology Departme
Aintree NHS Trust. Adjacent non-involved gastric mucosa w
obtained from all cases. Of the 48 patients identified, 40 w
considered suitable for analysis (31 male patients, median
68 years, range 57–87 years). Five cases were deemed ine
because follow-up data was unavailable (two patients had m
out of the region, three had died from early post-operative com
cations) and suitable well preserved blocks could not be obta
in three cases. Tumours were classified using the Lauren sy
(Lauren, 1965) into intestinal and diffuse types. Intestinal t
tumours were graded into well, moderately or poorly differentia
according to the predominant pattern of the tumour. Tumours w
staged using the criteria for TNM evaluation of the unified int
national gastric cancer staging classification (Maruyama 
Miwa, 1987).

Clinical details

Clinico-pathological information and survival data were obtain
from hospital records, contact with general practitioners and
Cancer Registry office. The data collected in each case is sho
Table 1.

Antibodies (monoclonal)

Mouse monoclonal immunoglobulin (Ig)G antibody to E-cadhe
(HECD 1) was purchased from R&D Systems Europe, Abingd
UK. Anti-β-catenin monoclonal IgG antibody, and anti-α-catenin
monoclonal antibody were bought from Affinity Resear
Products Ltd (Exeter, UK). Final antibody dilutions, determin
by serial dilutions against positive and negative controls, w
anti-E-cadherin 1:100, anti-β-catenin 1:75 and anti-α-catenin
1:20.

Immunostaining

Five-micrometre sections were cut from formalin-fixed, paraff
embedded tissue blocks for haematoxylin and eosin (H&E) 
immunostaining. Consecutive slides for assessment of La
class, grade and immunostaining were taken from the b
containing the greatest vertical depth of penetration of the ga
wall by the tumour. Slides for evaluation of grade and Lauren c
were stained with H&E in conventional fashion. Sections 
immunohistochemical staining were mounted onto poly-L lysi
coated slides.

A standard avidin–biotin immunoperoxidase technique w
used. Sections were dewaxed using xylene and transferre
alcohol. Endogenous peroxidase activity was quenched by inc
tion in 3% hydrogen peroxide in methanol for 20 min. Antig
retrieval was by microwaving for 15 min at 674 W in citrate buf
at pH 6.0. Non-specific binding of secondary antibody w
blocked by incubating with 100µl of fetal calf serum (FCS)
diluted to 1:20 for 10 min in a Shandon Sequenza tray (Shan
Southern Ltd, UK). Incubation with primary antibody was at 37°C
© 1999 Cancer Research Campaign
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for 120 min for anti-E-cadherin, 60 min at 37°C for anti-β-catenin,
and 4°C overnight for anti-α-catenin. After three washes w
Tris-buffered saline (TBS), the slides were incubated at r
temperature for 45 min with biotinylated secondary sheep 
mouse antibody (Amersham Life Science, Little Chalf
Buckinghamshire, UK) diluted 1:200 in TBS. Following th
further washings in TBS the slides were incubated 
avidin–biotin complex (ABC)/horseradish peroxidase solu
(Dako, UK) diluted to 1:100 with TBS. The slides were was
further in TBS, and developed in activated 3,3-diaminobenzi
tetrahydrochloride containing 0.01% hydrogen peroxide for 8
and the reaction stopped in water. The slides were counters
with haematoxylin and dehydrated in alcohol prior to moun
Normal colonic epithelium was used as positive control and 
cent normal gastric mucosa as internal control. Negative co
included adjacent sections of the same block in which the pri
antibody was replaced by non-specific mouse IgG.

Interpretation of staining

Slides were independently examined by two experie
observers (SR and JN) who were blinded to the stage of the tu
and to the initial score of the other observer. The intensity (ab
weak or strong) was scored in a semi-quantitative fashion g
0–2, and pattern (membranous, cytoplasmic or nuclear) of sta
was recorded. In cases of heterogenous staining (more tha
variation) within the tumour, particularly related to variation
the degree of differentiation, the score was based on the dom
pattern. Where there were differences, a consensus decision
final score was reached after joint re-examination of the slide
discussion.

Statistical methods

Associations between antigen expression and clinico-patholo
indices were examined using the χ2 test. Survival curves we
computed as described by Kaplan and Meier; the log-rank
was used to examine the difference between curves. A P-value
of < 0.05 was accepted as statistically significant. All statis
analyses were performed using the StatView package (A
Concepts, Berkley, CA, USA).

RESULTS

Control samples and normal mucosa

All colonic control samples and internal control normal adja
gastric mucosa showed intense membranous staining throu
the epithelium (Figure 1A). Increased intensity of membra
British Journal of Cancer (1999) 81(8), 1392–1397
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Figure 1 Photomicrographs to show immunohistochemical staining patterns. (A) Normal gastric mucosa to show strong membranous β-catenin expression,
with no intracellular expression. (B) Absent membranous β-catenin expression in diffuse gastric cancer. (C) Absent membranous E-cadherin expression in
gastric cancer. (D) Strong nuclear β-catenin expression in intestinal type cancer

Table 2 Relationship between immunostaininga and histology

E-Cadherin β-catenin

Memb Cyto Nucl Memb Cyto Nucl

diff int diff int diff int diff int diff int diff int

Strong 3 7 2 9 0 0 2 20 3 10 1 4
Weak 9 21 10 19 40 40 10 8 9 18 11 24
χ2 P-value NS NS NS 0.0014 NS NS

Memb = membranous, cyto = cytoplasm, nucl = nuclear, diff = diffuse cancer, int = intestinal type cancer. aData for α-catenin not shown.
staining was noted in the deeper parts of antral, body and ca
glands.

Carcinoma

Forty gastric cancers were studied by immunohistochem
[IHC; intestinal type, 28 (70%); diffuse, 12 (30%)] according
Lauren classification of gastric cancer. Tumour differentiation 
graded into well- (n = 1, 2.5%), moderate (n = 19, 47.5%) and
poor (n = 20, 50%). For purposes of statistical analysis, well- 
moderately differentiated tumours were grouped together.
diffuse cancers were classed as poorly differentiated.

Tumour staining vs histology

Membranous
Reduced or absent membranous expression of β-catenin was more
common than ectopic intracellular expression. Weak or ab
British Journal of Cancer (1999) 81(8), 1392–1397
ac

y

s

ll

nt

membranous β-catenin expression was found in 18 of 40 ca
(45%): ten of 12 (83.4%) diffuse and in eight of 28 (28.6
intestinal type cancers (P = 0.0014, see Figure 1B). In this series
difference between E-cadherin membranous staining patterns
two tumour types was found, with loss of membranous expre
of E-cadherin in nine of 12 (75%) diffuse cancers and in 21 o
(75%) intestinal type cancers (Figure 1c and Table 2). α-catenin
staining patterns equally were unrelated to tumour type, with lo
membranous expression in 11 of 12 (91%) diffuse cancers and
28 (78.6%) of intestinal type cancers (results not shown).

Intracellular
Three of 12 diffuse tumours and ten of 28 intestinal tum
showed strong cytoplasmic β-catenin staining. Four intestin
tumours (Figure 1D) and one diffuse tumour showed st
β-catenin nuclear staining. These differences were not statist
significant. For neither E-cadherin nor α-catenin was there an
© 1999 Cancer Research Campaign
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Table 3 Relationship between immunostaininga and tumour differentiation

E-Cadherin β-catenin

Memb Cyto Nucl Memb Cyto Nucl

mod poor mod poor mod poor mod poor mod poor mod poor

Strong 7 3 9 2 0 0 16 6 8 5 3 2
Weak 13 17 11 18 40 40 4 14 12 15 17 18
χ2 P-value NS 0.0132 NS 0.0015 NS NS

Memb = membranous, cyto = cytoplasm, nucl = nuclear, mod = moderately differentiated gastric carcinoma. aData for α-catenin not shown.

Table 4 Relationship between immunostaininga and nodal status

E-Cadherin β-catenin

Memb cyto Memb cyto

N0 N1 N2/3 N0 N1 N2/3 N0 N1 N2/3 N0 N1 N2/3

Strong 5 0 5 5 1 5 6 7 10 4 2 7
Neg 4 10 16 4 9 16 3 3 13 5 8 14
χ2 P-value 0.0199 0.07 NS NS

Memb = membranous, cyto = cytoplasm, nucl = nuclear, neg = negative. aData for α-catenin not shown.

0 10 20 30 40 50 60

Months after gastrectomy

C
um

ul
at

iv
e 

S
ur

vi
va

l

Strong

Weak
Censor times (strong)

Censor times (weak)

P=0.0319

No.at risk

Strong

Weak

0

40

40

12 m

36

30

24 m

27

35

36 m

25

33

48 m

19

31

60 m

15

30

7

0 . 8

0 . 6

0 . 4

0 . 2

0

A

1

0.8

0.6

0.4

0.2

0

0 10 20 30 40 50 60

Months after gastrectomy

C
um

ul
at

iv
e 

su
rv

iv
al Strong

Weak

Censor times (strong)

Censor times (weak)

P=ns

No.at risk

Strong

Weak

0

40

40

12 m

35

33

24 m

35

26

36 m

35

20

60 m

27

15

48 m

29

18

B

Figure 2 (A) Kaplan–Meier survival curves showing a statistically significant survival advantage in tumours with strong membranous β-catenin expression
(thick line), compared with those that showed weak membranous expression (thin line). (B) Kaplan–Meier survival curves showing no differences in survival in
tumours showing strong cytoplasmic β-catenin expression (thick line), compared with those that showed weak cytoplasmic expression (thin line)
correlation between intracellular staining and tumour histo
(Table 2) (results for α-catenin not shown).

Tumour staining vs differentiation

Membranous
Abnormalities of membranous expression of β-catenin appeared t
be related to tumour grade. Loss of membranous expressio
seen in four of 20 moderately differentiated cancers but in
of 20 poorly differentiated cancers (P < 0.0015) (Table 3). Fo
E-cadherin and α-catenin there was no correlation betwe
membranous staining and degree of tumour differentia
(Table 3) (results for α-catenin not shown).

Intracellular staining
Abnormalities of intracellular cytoplasmic expression of 
cadherin correlated with tumour grade. Strong cytoplas
E-cadherin expression was found in nine of 20 modera
© 1999 Cancer Research Campaign
as
4

c
y

differentiated tumours, compared to two of 20 poorly diffe
tiated tumours (P = 0.0132) (Table 3). Nuclear localization 
β-catenin was observed in three of 20 moderately differenti
compared to two of 20 poorly differentiated tumours. Nuc
expression was not observed for E-cadherin or α-catenin
immunostaining.

Tumour staining vs nodal status

Lymph node status was categorized according to TNM 
(Sobin and Wittekind, 1997). For purposes of statistical ana
N2 and N3 were grouped together.

The relationship between N stage and expression of E-cad
and β-catenin molecules at the membrane and in cytoplas
shown in Table 4. Only the association between E-cad
membrane staining and nodal status was significant. Of 21 
stage tumours, 16 (76%) showed a loss of membranous E-ca
staining (P = 0.0199). Nuclear expression of β-catenin was seen 
British Journal of Cancer (1999) 81(8), 1392–1397
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one patient with N0 nodal status, and two each of N1 and 
status. For brevity, the nuclear expression is not shown in Tab

Survival analysis

Kaplan–Meier curves were computed to compare surviva
patients with normal versus reduced membranous expressio
normal versus abnormal intracellular expression (both cytopla
and nuclear) for each of the three molecules. Neither membr
nor intracellular abnormalities of E-cadherin or α-catenin showed
any association with survival. The overall median surviva
patients in this study was 18.3 months (range 0.13–56.6). M
survival for patients showing any abnormality of β-catenin expres
sion (membranous or cytoplasmic) was 12.0 months. Me
survival was 30.0 months in the normal and 7.4 months in
reduced membranous expression group. Loss of membr
β-catenin expression was associated with significantly decre
survival (P = 0.0319, Kaplan–Meier curves, Figure 2A). T
survival of patients with abnormal cytoplasmic (Figure 2B)
nuclear expression of β-catenin was not significantly differe
from that of patients without this abnormality.

DISCUSSION

Mutations affecting intercellular adhesion mechanisms h
emerged as important steps in the development and progress
many human epithelial tumours. Loss of E-cadherin expres
correlates with advanced stage and high grade in cancers 
breast (Oka et al, 1993), stomach (Shimoyama et al, 1
Matsuura et al, 1992), colorectum (Nigam et al, 1993), pan
(Pignatelli et al, 1994), bladder (Bringuier et al, 1993) and pro
(Umbas et al, 1992).

In stomach cancer, mutations of the E-cadherin gene have
reported in diffuse and histologically indeterminate tumours,
seem rare in intestinal type cancer (Becker and Hofler, 199
germline mutation in E-cadherin associated with familial ga
cancer was recently reported in a New Zealand kindred (Gu
et al, 1998). Mutations in α- and β-catenins have not bee
convincingly demonstrated, but protein expression abnorma
are relatively frequent, and occur in both diffuse and intes
cancers (Oka et al, 1992; Matsui et al, 1994; Jawhari et al, 1
We have confirmed a high frequency of expression abnorma
for all three molecules studied. Analysis of the type of expres
revealed somewhat different patterns from previous rep
which considered only global abnormality versus norma
Surprisingly, E-cadherin expression overall did not correlate 
grade, although ectopic cytoplasmic expression of E-cadherin
β-catenin expression was closely related to tumour grade
differentiation, loss of membranous expression occurring m
more frequently in poorly differentiated tumours. We found 
β-catenin but not α-catenin or E-cadherin expression abnorm
ties were associated with poor survival, confirming the finding
Jawhari et al (1997), but contradicting earlier reports (Yonem
et al, 1995; Gabbert et al, 1996). Analysis of the type of expre
revealed that loss of membranous expression, rather than e
cytoplasmic expression, was correlated with poor survival,
opposite of the situation recently reported in colon cancer (H
et al, 1999).

Abnormal protein expression of the components of 
cadherin–catenin complex may occur for a number of rea
Ectopic or reduced expression may occur directly becaus
British Journal of Cancer (1999) 81(8), 1392–1397
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mutations in the gene concerned (Becker and Hofler, 1995
indirectly due to alterations in one of its partners in the com
leading, for example, either to interference with the intermolec
binding which anchors the protein in the complex (Kawan
et al, 1995; Streit et al, 1996) or altered transcription of their g
Abnormal expression of β-catenin can occur due to tyrosi
phosphorylation induced by activated growth factor recep
(Shibamoto et al, 1994).

Given this complex picture, it is difficult to draw firm concl
sions about the specific molecular events which are occurring
immunohistochemical studies alone. We found that loss
membranous β-catenin expression, but not gain of intracellu
expression, was significantly associated with poor surv
Therefore dysfunction of the adhesion complex may influe
progression more than changes in signalling pathways bro
about by accumulation of intracellular β-catenin.

The importance of cadherins in mediating intercellular adhe
suggests that loss of their function might promote invasion
metastasis. Evidence for such a role has been provided by e
ments in vitro and in animal models (see above). Rece
β-catenin has been shown to play a distinct and separate r
intracellular signalling in which it complexes with the APC prot
(Rubinfeld et al, 1995), and thereby becomes degr
(Munemitsu et al, 1995). Adenomas and carcinomas arisin
patients with familial polyposis carry APC mutations wh
prevent binding and degradation of β-catenin, and in thes
tumours, intracellular accumulation of the protein occurs (Inom
et al, 1996). Free β-catenin binds the transcription factors Tcf a
Lef, assisting the up-regulation of transcription (Behrens e
1996; Korinek et al, 1997; Morin et al, 1997). Intense cur
interest continues in the possibility that the tumour suppresso
of APC may be mediated through its interaction with β-catenin,
which may thereby have an important role in signalling me
nisms such as transduction of signals from the wnt-1 onco
(Hinck et al, 1994).

The differences between our findings in gastric cancer and 
reported by Hugh et al in colorectal cancer need to be confirm
a direct comparison, since they suggest that different mecha
may be important in progression in the two tumour types. Th
particularly interesting in view of the well known differences
natural history between gastric and colonic cancer. Recur
after apparently curative resection is not uncommon in 
tumours, but the patterns of failure are strikingly different
colorectal cancer, isolated liver metastasis without evidenc
metastatic disease elsewhere occurs in about 25% of com
resections (Welch and Donaldson, 1979), but this very ra
happens in gastric cancer (Ochiai et al, 1994). We speculat
ectopic expression of β-catenin may be associated with enhan
blood-borne metastasis, whereas loss of membranous expres
associated with enhanced local growth and spread. Further s
are required to test the hypothesis that blood-borne metasta
associated with a particular type of β-catenin expression abno
mality.
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